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Elise M. Pforr 
The Importance of Handedness for 
Females 
Solving Visual-Spatial Problems 
Minnesota State University 
It is well established that men tend to perform better than women in tests of spatial 
ability. The magnitude of these gender differences is usually relatively modest; however 
tasks involving 'mental rotation' generate more substantial effects. Mental rotation tests 
consistently yield the largest effect sizes, of any cognitive or spatial test specifically, for 
sex differences in performance. Many studies investigating factors such as sociocultural, 
biological, ratio scoring and instructional manipulation have been conducted in an 
attempt to account for this difference. However, very few studies have investigated the 
role of handedness in visual-spatial tasks, especially, in relation to impossible (mirror 
images) rotations. This study investigated the role handedness plays in females' ability to 
solve mental rotation tasks, specifically, for left-handed females. Also investigated was 
the performance of males and females on this visual-spatial task. The results revealed 
that the scores for left-handed females were not superior to right-handed females; how-
ever, a significant result was found for left-handers and ambidextrous females over right-
handers on impossible tasks. In addition, males were not found to be superior to females 
on this visual-spatial task in either scores or reaction times. 
Although the ability to view an object and 
then mentally rotate the image is well estab-
lished as a male's forte, it is only one aspect of 
visual-spatial skills (Voyer & Saunders, 2004). 
For many years, mental rotation tests (MRTs) 
have shown significant gender gaps in the ability 
to mentally rotate representations of objects. 
Since the original mental image rotation (MIR) 
studies of researchers such as Shepard and 
Metzler (1971) and Vandenberg and Kuse 
(1978), more recent studies have concluded that 
the gap may not be as significant as once thought  
for all aspects of visual-spatial tasks. 
Several research studies have explored sex 
differences in spatial ability and their relation to 
brain organization. Shepard and Metzler (1971) 
observed how long it took for participants to 
determine whether or not two objects were 
identical. They showed participants two objects, 
one was the original item and the other was a 
rotated representation of the item. They found 
that the time it took participants to identify 
whether or not the second object was actually a 
rotated representation of the first was positively 
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correlated with the increase in degree of rotation. 
In interpreting these results, Shepard and 
Metzler (1971) suggested that participants 
mentally rotate images of objects much the same 
as physically rotating them. As an example, 
Tapley and Bryden (1977) examined gender 
differences in MRT performance with actual 3-D 
blocks. They found men completed this task 
faster and more accurately than women did. 
Once again, the fact that males and females 
differ in performance on the Shepard and 
Metzler (1971) or the Vandenberg and Kuse 
(1978) MRTs is well known, although the causes 
are less well understood. Some available evi-
dence suggests that males and females solve 
MRT problems in qualitatively different ways 
(Peters, 2005). This evidence is derived from 
/Mill studies of the brain, which show different 
areas of activity between the sexes. However, it 
can be equally well concluded that there are 
preferred response styles (such as guessing or 
not answering until sure) in approaching MRT 
problems that do not necessarily rely on these 
"qualitative difference(s)" (Peters, 2005, p. 176). 
In addition, evidence of sex differences 
during mental rotation activities as displayed in 
functional activation (active parts of the brain 
that change color during anfMRI) remains 
contradictory and does not give us any solid 
ideas as to how differences in activation are 
related to sex differences in performance (Peters, 
2005). 
In an attempt to find an explanation for the 
differences in the accuracy of visual-spatial tests 
between the sexes, many different factors have 
been studied. Roberts & Bell (2000) studied 
computer familiarization and assessed from their 
results that the gap between the scores of males 
and females narrowed significantly with com-
puter experience. 
Studies of biological factors found that during 
menstruation, female performance on MRTs 
improves (Hausmann, Slabbekoorn, Van 
Goozen, & Gunturkun, 2000). Another study 
concluded that the increase of estrogen during 
menstruation aides in the cerebral functions 
necessary to complete MRTs (Jordan,  
Wustenberg, Heinze, Peters, & Jancke, 2002). In 
interpreting this phenomenon, Peters (2005) 
suggested estrogen accentuates the areas of the 
brain needed for visual-spatial tasks. 
Karadi, Csatho, Kovacs, & Kosztolanyi 
(2003) found that lower levels of testosterone 
aided in men's performance of visual-spatial 
tasks. However, women were found to score 
better with higher levels of testosterone. These 
results suggest that in reference to visual-spatial 
tasks, each gender's performance relies on a 
specific level of testosterone (Karadi et al., 
2003). 
However, critics of the correlation between 
testosterone and performance on the Vandenberg 
and Kuse (1978) MRT such as Hooven, Chabris, 
Ellison, and Kosslyn (2004) claim that this test 
actually requires participants to perform several 
cognitive functions to arrive at an answer. These 
cognitive processes include: (1) shifting atten-
tion between the target and the object being 
compared; (2) forming mental images of both 
objects; (3) mentally rotating the images of the 
objects; (4) evaluating the two images; (5) 
determining if they are the same or different; and 
(6) answering (Hooven et al., 2004). Thus, the 
Vandenberg and Kuse MRT produces a single 
score based on the operation of the above men-
tioned processes and may not fully reflect the 
correlation of testosterone to visual spatial 
ability. 
Many researchers of environmental/sociocul-
tural factors believe that males tend to prefer 
holistic strategies (object is represented in the 
mind and then rotated mentally) while women 
tend to prefer analytical strategies (resulting in a 
gradual, piece by piece process) (Jordan et al., 
2002). Kerkman, Wise, and Harwood (2000) 
suggest that the sex differences often found in 
Western cultures may be due to the fact that 
females do not have as much exposure or en-
couragement in areas that require visual-spatial 
skills as males do. It has been suggested that this 
use of these slower analytic strategies on MRTs 
may be the reason for women's poor perfor-
mances on spatial problems (Kolb & Whishaw, 
1996; Parsons et al., 2004). 
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Several studies have found that when enough 
time is provided for the Vandenberg and Kuse 
MRT, sex differences disappear. Peters (2005) 
found that this may be because females spend 
more time to determine that wrong answers were 
indeed wrong. However, Scali, Brownlow, and 
Hicks (2000) conducted a study without time 
constraints and found that women's scores 
improved only slightly. Therefore, time con-
straints may have little to no significant effect on 
gender differences. 
With regards to instructional factors, Sharps, 
Price, and Williams (1994) found that when the 
spatial nature of a MRT was withheld from the 
instructions of that test, women's scores im-
proved. Such instructions would simply ask 
participants to complete the task to the best of 
their ability. 
The areas of research that are most relevant to 
this study are: brain activation, handedness, and 
impossible rotation problems. 
Areas of Brain Activation 
Biological factors involved in mental rotation 
include studies of brain activity (Parsons et al., 
2004). It is commonly accepted that the left 
hemisphere of the human brain is responsible for 
processing verbal information and function. 
While the right hemisphere of the brain is re-
sponsible for nonverbal information processing, 
including evaluating visual-spatial data (Kolb & 
Whishaw, 1996). 
Research with MRTs suggests that when 
hemispheric differences are found they usually 
indicate greater right than left-hemisphere 
functioning (Rilea, Roskos-Ewoldsen, and 
Boles, 2004). Rilea et al. (2004) designed a 3-D 
study to examine the correlation of male superi-
ority on MRTs as determined by the right-
hemispheric activation. The results of this study 
showed that men indicated a right-hemispheric 
advantage whereas women showed no hemi-
spheric differences. 
Mental rotation is a spatial ability dependent 
on the right hemisphere of the human brain. The 
lateralization theory suggests that women dis-
play a greater degree of bilateral processing to  
solve spatial tasks. While men seem to use each 
hemisphere in a specialized mode, employing 
right hemisphere processes to solve spatial tasks 
(Kolb & Whishaw, 1996). 
Handedness 
Through many studies on the human brain, it 
is now commonly accepted that the left-hemi-
sphere of the brain controls the right side of the 
body and the right-hemisphere controls the left 
side of the body. 
Also, as discussed earlier in this report, the 
left-hemisphere of the human brain is associated 
with verbal abilities, while the right-hemisphere 
is associated with nonverbal abilities, such as 
visual-spatial processes. Thus it is proposed that 
performance on MRTs is in part determined by 
cerebral organization and therefore the handed-
ness of the individual participant may influence 
his or her performance (Ecuyer-Dab, Tremblay, 
Joanette, & Passini, 2004). 
A study by Roberts and Bell (2003) on the 
EEG patterns of the sexes during MRTs, found 
that all of the women displayed more right-
hemispheric activity, while only just over half of 
the men displayed more left-hemispheric activ-
ity. Thus, due to the fact that the right-hemi-
sphere controls the left side, it is possible that 
those women who are left-handed will do better 
than right-handed women on possible/impossible 
MRTs. 
Impossible Rotations 
Impossible rotations are rotations of images 
that are not actual rotations of the standard —
they are alternative images or mirrored images 
of the standard. In other words, these images are 
such that no matter how one rotates the standard 
one will not be able to reach the image. Some 
MRTs only ask respondents to determine direc-
tionality of rotation of the standard, however, 
many MRTs also require respondents to deter-
mine which images are in fact impossible 
(Kerkman et al., 2000). 
Therefore, it seems likely that MRTs such as 
the Vandenberg and Kuse (1978) that ask partici-
pants to discriminate possible/impossible rota- 
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tions of the standard, are really asking partici-
pants to believe in their visual-spatial profi-
ciency enough to determine that an image is 
indeed impossible before moving to the next 
image (Kerkman et al., 2000). Thus, regardless 
of visual-spatial ability, those participants who 
are insecure about their visual-spatial profi-
ciency and/or highly value accuracy will have a 
difficult time affirming that an image is impos-
sible. (Kerkman et al., 2000) Due to this unwill-
ingness and/or indecision to label an image as 
impossible, these participants (namely women) 
have a distinct weakness on many possible/ 
impossible MRTs. 
Kerkman et al. (2000) conducted a study of 
accuracy and reaction time (RT) on possible/ 
impossible rotations between the sexes. Their 
results only found discrepancies between the 
sexes on those rotations deemed impossible 
(mirrored images). Women performed just as 
well as men did on possible rotations. However, 
with impossible rotations, the RT of females 
increased significantly. Therefore, the research-
ers surmised that those problems that are mir-
rored images might not be measuring the same 
visual-spatial abilities as normal images 
(Kerkman et al., 2000). 
In summary, the results of research on sex 
differences in spatial skills are not as widespread 
as many researchers would lead one to believe. 
Maccoby and Jacklin (1974) concluded that 
throughout research literature, gender differ-
ences on visual-spatial tasks were constant, but 
minor. Linn and Petersen (as cited in Kerkman 
et al., 2000) found that the ability to mentally 
rotate images of objects produced the greatest 
gender differences of all visual-spatial abilities 
that they studied, and yet, Johnson and Meade 
(as cited in Kerkman et al., 2000) found that the 
ability to mentally rotate images of objects 
produced the smallest gender differences of all 
visual-spatial abilities that they used (Kerkman 
et al., 2000). Both the magnitude and consis-
tency of the sex difference appears to depend on 
the "type of strategy the respondent applies, and 
on task-specific characteristics of the test that the 
experimenter employs" (Kerkman et al., 2000, p. 
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256). 
There are many theories as to why men 
perform so much better on tasks and tests of 
spatial ability. However, the results of these 
theories and tests have remained less than 
conclusive. My hypothesis was formed through 
the theory postulated by Kerkman et al. (2000), 
that impossible rotations hamper females' perfor-
mance on MRTs, as well as past research on 
women that established their use of bilateral 
hemispheric processes on visual-spatial tasks. 
Also, the fact that each side of the brain controls 
the opposite side of the body was taken into 
account. This is an important aspect to consider 
when researching visual-spatial tasks, since 
performance on these tasks may be related to 
one's brain organization and not just gender. 
Accordingly, since the right-hemisphere of the 
brain controls the left side of the human body, it 
is surmised that those who are left-handed will 
have more specialized right-hemispheric pro-
cessing. Therefore, my first hypothesis is this: 
left-handed females will perform better than 
right-handed females on tasks with possible/ 
impossible images. My second hypothesis is 
that there will be no differences between the 
sexes regardless of handedness. 
Method 
Participants 
The participants were 86 undergraduate 
college students (25 males and 61 females) from 
a predominately Caucasian university who have 
volunteered to be participants for extra credit in 
their undergraduate psychology classes. Of the 
25 males, 9 were ambidextrous and 16 were 
right-handed, there were no left-handed males. 
Of the 61 females, 25 were ambidextrous, 17 
were left-handed, and 19 were right-handed. 
Participants' handedness was determined by 
their answers on an adaptation of a handedness 
questionnaire designed by Rackowski, Kalat, 
and Nebes (1974). Based on the score, each 
participant was assigned to one of six categories: 
left-handed females, left-handed males, right-
handed females, right-handed males, ambidex- 
trous females and ambidextrous males. All 
participants, regardless of handedness category, 
took a computerized adaptation of Chute's 
(1994) experiment. 
Materials 
A version of the Rackowski et al. (1974) 
handedness questionnaire adapted by Chapman 
and Chapman (1987) was administered to deter-
mine handedness. Answers were scored on a 1-3 
scale, in which a 1 designated right-handed 
preference; a 2 designated no preference (either/ 
ambidextrous), and a 3 designated left-handed 
preference. Chapman and Chapman's (1987) 
questionnaire designated handedness categories 
by scores of 13-17, 18-32, and 33-39 as right, 
either or left-handedness, respectively. Due to a 
low number of total participants and high num-
ber of "either" participants in this study, handed-
ness designation was assigned by scores of 13-
20, 21-30, and 31-39 as categories of right, 
either or left-handed respectively. 
Stimuli modeled after Chute's (1994) study 
were adapted for use in this experiment. For this 
experiment, a 4.5" X 11.5" digital, panoramic, 
color picture was taken of fallow deer grazing in 
a field. From this picture the central 4.5" X 5" 
was used as the original picture. Six other same-
size representations of this original were also 
created by moving the picture cropping box used 
for the original 3 times 1/2 inch to the right of the 
original each time, and then the same procedure 
was followed for the left side of the original. 
The original and the 6 representations were also 
copied and mirror images created for each. 
Thus, a total of fourteen pictures were used as 
the stimuli for this experiment. 
Using a MediaLab computer program, each 
picture was designated as a right representation 
of the original, a left representation of the origi-
nal or as a mirrored image of either the original 
or any of the six representations. 
Procedure 
After participants arrived and signed an 
informed consent, they were seated in front of a 
computer screen. After the condition and partici- 
pant number was specified, the instructions for 
the experiment appeared on the screen, starting 
with the handedness questionnaire and instruc-
tions. When participants finished reading the 
instructions they pressed the space bar to enter 
the test. Immediately following, the original 
image was displayed on the screen for 3 seconds. 
Then that image disappeared and one of the six 
representations or one of the seven mirror im-
ages was displayed on the screen for 5 seconds. 
This made up one set (there were 13 sets). 
With each set, the second image also con-
tained a response set. These response sets were 
numbered 1, 2, and 3 with the caption Left, 
Right and Impossible, respectively. Before 
beginning, participants were instructed to use the 
mouse or keypad to press the 1 (Left) button on 
the screen for representations to the left or the 2 
(Right) button for representations to the right. 
When the picture was a mirrored image (impos-
sible), participants were instructed to press the 3 
(Impossible) button regardless of left or right 
representation. Participants were asked to 
answer as accurately and as quickly as possible 
due to only having 5 seconds available to make 
their decisions. 
Results 
The independent variables included the two 
categories of gender (male or female), the three 
categories of handedness (left, right or ambidex-
trous) and three categories of problem type (left, 
right or impossible orientations). The dependent 
variables in this study were the scores on the 
possible/impossible problems and the reaction 
time (RT) of each participant. 
A 3 (handedness) X 3 (problem type) mixed 
design analysis of variance (ANOVA) was 
conducted to reveal any significant main effects 
and/or interactions between the independent 
variables on individual female scores. 
The ANOVA found no significant result 
among problem types, F (2, 116) = 0.63, p = .53, 
partial /12 = 0.01 or handedness, F (2, 58) = 0.78, 
p = .46, partial /2 = 0.03. However, a significant 
result was found for the interaction between 
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problem type and handedness, F (4, 116) = 2.54, 
p = .04, „2= .08. These results are shown in 
Figure 1. 
A test of simple main effects conducted for 
left-orientated problems found no significant 
results, F (2, 58) = 0.16,p = .86, partial 112 = 
0.005. The same was found for right-orientated 
problems, F (2, 58) = 0.14,p = .87, partial 112 = 
0.005. However, a significant result was found 
for impossible problem orientations, F (2, 58) = 
4.93,p = .011, partial 112 =0.15. 
Bonferroni multiple comparisons revealed 
that left-handed females did significantly better 
then right-handed females (p = .003) and ambi-
dextrous females also did significantly better 
then right-handed women on impossible problem 
orientations (p = .049). No other comparisons 
were significant. 
A test of simple main effects for handedness 
on females found no significant effect for left-
handers, F (2, 32) = 2.07, p = .4, partial 112 = 
0.11 or ambidextrous females, F (2, 48) = 0.06, p 
= .95, partial 12 = 0.002. However, a significant 
effect was found for right-handers, F (2, 36) = 
3.94, p = .03, partial If = 0.18. 
Bonferroni multiple comparisons revealed 
that right-handed women performed significantly 
better on right-orientated problems than impos-
sible problem orientations (p = 0.042). No other 
comparisons were significant. 
A 2 (gender) X 3 (problem type) mixed 
design ANOVA was conducted to reveal any 
significant main effects and/or interactions 
between the independent variables on each 
gender's scores. 
The ANOVA found no significant result for 
problem type, F (2, 168) = 1.043,p = 0.36, 
partial 112 = 0.012; gender, F (1, 84) = 1.21,p = 
0.27, partial r12 = 0.014; or the interaction, F (2, 
168) = 1.11,p = 0.33, partial 12 = 0.013. This is 
consistent with my second hypothesis that there 
will be no differences between the sexes regard-
less of handedness. These results are shown in 
Figure 2. 
A 3 (handedness) X 3 (problem type) mixed 
design ANOVA was conducted to reveal any 
significant main effects and/or interactions 
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between the independent variables on individual 
female RT. 
The ANOVA found no significant result 
among handedness, F (2, 58) = 0.91,p = .41, 
partial r12 = 0.03 or the interaction between 
problem type and handedness, F (4, 116) = 1.39, 
p = .24, partial /2 = 0.05. However, a significant 
result was found for problem types, F (2, 116) = 
7.37, p = .001, partial 112 = 0.11. These results 
are shown in Figure 3. 
Bonferroni multiple comparisons revealed 
that RT on impossible picture types was signifi-
cantly higher than left-orientated picture types (p 
= .001). No other comparisons were significant. 
A 2 (gender) X 3 (problem type) mixed 
design ANOVA was conducted to reveal any 
significant main effects and/or interactions 
between the independent variables on each 
gender's RT. 
The ANOVA found no significant result for 
problem type RT, F (2, 168) = 0.94, p = 0.4, 
partial 12 = 0.011; gender RT, F (1, 84) = 0.03,p 
= 0.87, partial 712 = 0.0; or the interaction, F (2, 
168) = 2.75,p = 0.067, partial 12 = 0.032. This 
is also consistent with my second hypothesis. 
These results are shown in Figure 4. 
Discussion 
My hypotheses were that 1) left handed 
females would perform better than right handed 
females on the possible/impossible image task, 
and 2) there would be no differences between the 
sexes on possible images, regardless of handed-
ness. 
I expected that men would score marginally 
the same in any given handedness condition, 
regardless of possible/impossible problem. I 
also expected that women, who score as left 
handed, would do better on all conditions of the 
possible/impossible problems. 
Due to a relatively short time frame and small 
participant pool, I was unable to collect data 
from any left-handed males. These data may 
have been interesting to analyze to see how left-
handed males compared to left-handed females 
or right-handed males. 
These results did not support my first hypoth-
esis. Although no significant result was found 
for left-handed over right-handed females, the 
results did reveal that those who are left-handed 
or ambidextrous were more accurate than right-
handers in their assessment of picture orienta-
tions that were impossible. Furthermore, right-
handed females were more accurate in identify-
ing right picture orientations than impossible 
orientations. 
It is of interest that left-handed females 
performed better on impossible problems than 
right-handed females. Past research has sug-
gested that females' poor performance on MRTs 
is due to their inability to quickly identify impos-
sible rotations of an original image (Kerkman et 
al., 2000). Other research has also suggested 
that visual spatial tasks are performed in the 
right-hemisphere of the brain (Kolb & Whishaw, 
1996). Thus, the finding that left-handed fe-
males performed better on impossible image 
orientations suggests that fewer left-handers than 
right-handers in past MRT studies may cause the 
gender differences. It would be of interest to 
know how many left-handers participated in the 
past research studies on MRTs. 
The results supported my second hypothesis 
in that males did not perform better than females 
on possible images. The results actually found 
that males did not perform significantly better 
than females on either possible or impossible 
images. Nor did males perform significantly 
faster on this task then females. These results 
are not consistent with past research in this area. 
This may have been due to the fact that no left-
handed males took part in this study. 
The presence of the handedness questionnaire 
located at the beginning of the study, alerted 
participants to the fact that handedness was 
going to be of interest to the experiment. There-
fore, due to demand characteristics, they may not 
have answered the handedness questionnaire as 
truthfully as possible. This questionnaire could 
have been placed at the end of the test and/or 
with another questionnaire about some other 
attribute about the participant, as to not alert the 
participant to what was of interest to the study. 
Also, this questionnaire may not have been a 
`real-world' appropriate assessment of handed-
ness preference. Due to the fact that we live in a 
society that caters to the right-handed, many left-
handers are forced to use their left hand for 
many tasks. This forces many left-handers to 
learn to use their right hand and thus become 
ambidextrous. This may account for the unusu-
ally high numbers of ambidextrous individuals in 
this study. 
Clearly, further research is needed to deter-
mine to what extent (if any) an individual's 
handedness plays in their ability to perform 
visual-spatial tasks. These results could mean 
that women's handedness may have nothing to 
do with their ability to solve visual-spatial tasks, 
and that findings of right-hemisphere activity 
may only indicate the sex specific strategies for 
solving visual-spatial tasks; namely women's use 
of less effective analytical strategies. 
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8 
Figures 
Figure 1. Female Handedness Scores 
Average female scores for each picture stimulus type. Sample size was 19 right-handed, 25 either 
handed, and 17 left-handed females. Error bars depict standard deviations. 
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Figure 2. Gender Differences on Problem Type 
Average gender differences in scores on the possible and impossible picture tasks. Sample size was 
25 males and 61 females. Error bars depict standard deviations. 
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Figure 3. Female Handedness on Problem Type Based on Reaction Time 
Average female RT scores for each stimulus type. Sample size was 19 right-handed, 25 either 
handed, and 17 left handed females. Error bars depict standard deviations. 
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Figure 4. Gender Differences on Problem Type Based on Reaction Time 
Average gender differences in reaction times among picture type. Sample size was 25 males and 61 
females. Error bars depict standard deviations. 
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